Introduction
FLT3 mutations are the most frequent identified genetic abnormalities in patients diagnosed with acute myeloid leukaemia (AML) (Small, 2006) . Two types of FLT3 mutations have been identified; internal tandem duplications (FLT3-ITD) in juxtamembrane domain (JM) and point mutations in tyrosine kinase domain (FLT3-TKD) (Kiyoi et al., 2002; Meshinchi et al., 2008) . The length of the ITD mutation varies from 3-400bp nucleotides (Stirewalt and Radich, 2003) . FLT3-ITD accounted in 25% for adult (Frohling et al., 2002; Schnittger et al., 2002; Thiede et al., 2002) . Another common type of FLT3 mutation is a point mutation at codon D835 or I836 in exon 20 within the activation loop of TKD. FLT3-TKD is less frequently seen in AML and they account for 5% of adult (Abu-Duhier et al., 2001; Yamamoto et al., 2001 ). Both FLT3-ITD and FLT3-TKD resulting in ligand independent and leads to continuous activation of FLT3 receptor (Betz and Hess, 2010; Gulley et al., 2010 relapse from complete remission, and reduced survival (Kottaridis et al., 2001; Frohling et al., 2002; Small, 2006; Karabacak et al., 2010; Feng et al., 2012; Zeichner et al., 2014) . However, the prognosis of FLT3-TKD in AML is still unclear (Whitman et al., 2010; Smith et al., 2011) . The high incidence of FLT3 mutations as well as the poor prognosis status in AML eventually drew an attention towards the development of specific treatment for AML through FLT3 aberration. So far, the incidence of FLT3 mutations in Malaysia still limited and to our knowledge this is the first study that detects the incidence of non-ITD mutations and their correlation with clinical parameters compared to FLT3-ITD mutations in patients diagnosed with AML at Hospital USM.
Materials and Methods

Patients and controls
Bone marrow aspiration and peripheral blood samples from 54 adults with AML (16-76 y) were collected at diagnosis from Hospital USM between 2009 and 2012. Genomic DNA was obtained at presentation classified according to the French-American-British (FAB) criteria as: M0 (n=1), M1 (n=2), M2 (n=8), M3 (n=18), M4 (n=7), M5 (n=11), M6 (n=2), M7 (n=1) and four undefined. A thirty normal control peripheral blood samples were collected from screened healthy blood donors from Blood Transfusion Unit, Hospital USM, following informed consent. This study was approved by the Human Research Ethics Committee, Universiti Sains Malaysia (FWA Reg. No: 00007718; IRB Reg. No: 00004494) .
DNA amplification
Genomic DNA was harvested using DNA extraction kit, Promega Wizard (Promega, USA) and amplified by polymerase chain reaction (PCR). Amplification of FLT3-ITD exon 14-15 and FLT3-TKD exon 20 were carried out using primers as shown in Table 1 . The total reaction volume of 25 μL contained approximately 50 ng/ul DNA, 10 µM/µL of each primer and 1.1X Promega Green master mix (Promega, USA). Samples were amplified by thermal cycler (Applied Biosystem, USA) using the following conditions: 95°C for 2 minutes; 35 cycles of 95°C for 30 seconds; FLT3-ITD 52°C, FLT3-TKD 55°C for 35 minute; 72°C for 65 seconds and finally 72°C for 5 minutes. PCR products were visualised by agarose gel electrophoresis with 100 bp DNA ladder (Promega, USA) to confirm the amplification of fragment of FLT3-ITD and FLT3-TKD.
DNA mutation analysis
Mutation screening was done by Conformation Sensitive Gel Electrophoresis (CSGE) analysis. To enable heteroduplex formation for CSGE analysis, PCR products were denatured at 98˚C for 5 minute and then re-annealed at 65˚C for 30 minute. A 41x33x0.1 cm gel was prepared with 10% polyacrylamide and a 99:1 ratio acrylamide to bisacryloylpiperazin (BAP), 10% ethylene glycol, 15% formamide in 0.5X Tris-Taurine-EDTA (TTE) buffer, 1.75mL 10% Ammonium Persulfate (APS) and 100µL Tetramethylethylenediamine (TEMED) and loaded with 4µL heteroduplexed PCR products. The gel was electrophoresed at 400V for 16 hours at room temperature, post-stained in Ethidium Bromide and visualised under UV light. Samples displaying abnormal CSGE profiles compared to that obtained from a normal individual were directly sequenced.
Statistical analysis
Fisher's exact test was employed to compare the categorical variables between ITD and non-ITD mutations and Mann-Whitney test was performed to determine the differences of continuous variables between both groups. Survival was analysed according to the Kaplan-Meier method. All statistical analyses were performed using the SPSS software package (Version 20, SPSS, Armonk, NY, USA) and the level of significant was considered at p<0.05.
Results
Alteration of FLT3 exon 14-15 was identified in 7 cases of 54 adult AML patients (13%). Six cases were shown to have internal tandem duplication (ITD) mutation ranging from 15 to 66 base pairs (bp) inframe duplication and they were unique in each case. Only one case was detected to have a non-ITD mutation (case 49) involved in FLT3/14-15 and it was a deletion of C nucleotide at position 1751 (Figure 1) . Case 49 was a 50 years old woman with transition-AML NOS subtype and died within two weeks after diagnosed as AML. She suffered from breast cancer for four years before diagnosed with transition-AML. Other six cases with ITD were de novo AML. None of the 54 patients displayed FLT3-TKD mutation.
The clinical characteristics of 54 AML patients with or without FLT3-ITD mutation are described in Table  2 . There were more females among AML patients with FLT3-ITD mutation. The presence of FLT3-ITD mutation significantly correlated to the higher level of white blood cell count and higher blast percentage.
Forty-eight patients had a complete survival data available for analysis of FLT3-ITD+ (mutant) and FLT3-ITD-(wild type) classification as presented in Table 3   0 
Discussion
Mutations of tyrosine kinase enhance cell proliferation and development of haematologic malignancies (Liang et al., 2003) . The results of this study revealed mutations within JM domain in 7 cases of 54 (13%) AML patients and six of them were FLT3-ITD, however there was no mutation identified in TKD. These findings are in accordance to that previously reported by Karabacak et al. (2010) . In addition, the results revealed that FLT3-ITD do not show any specific correlation to a particular AML FAB subtype, but they were more frequently found in AML-M3 (APML) cases compared to non APML cases which is consistent with previous reports (Schnittger et al., 2002; Thiede et al., 2002) .
ITDs always led to an in-frame transcription, the mutant ITD sequences and length were unique in each case, with addition of repeated nucleotides ranging from 15 to 66 bases and 5 to 22 amino acids. All of the ITD cases were only restricted in JM within exon 14 of the FLT3 receptor. The starting and ending for nucleotide and amino acid positions were unique in every case. Two ITD cases (33 and 47) demonstrated amino acid substitutions and manifested at the same location of ITD site but different amino acids substitutions (Figure 4) . These results are in agreement with previous reports (Stirewalt and Radich, 2003; Ahmad et al., 2010) . One of the FLT3 mutations within exon 14 (case 49) was not an internal repetition of the nucleotides or amino acids but a one-nucleotide deletion. This mutation also contributed to the frame shift nucleotide sequences and resulted in a shorter protein production for FLT3 as the stop codon TAG was translated at codon 610.
FLT3 mutations cause FLT3 tyrosine kinase activation resulting in constitutive activation of pathways leading to uncontrolled proliferation and lower apoptosis (Stirewalt and Radich, 2003; Karabacak et al., 2010) . Therefore, it was our interest to look for any correlation of FLT3 mutations with clinical parameters (Table 2) . The clinical data analysis showed no correlation between age, gender, hemoglobin level and platelet count with mutant FLT3 compared to wild type FLT3. On the other hand, the results revealed significant higher leukocytosis in patients with FLT3-ITD (p= 0.023) and higher blast percentage (p=0.008) compared to patients with wild-type FLT3. These findings are in accordance to previously reported (Kottaridis et al., 2001; Frohling et al., 2002; Wang et al., 2010; Su et al., 2013; Elyamany et al., 2014) but in disagreement with that reported by Shahab et al. (2013) .
In conclusions, FLT3-ITD mutations are less frequent in adult Malaysian AML patients compared to the other countries, with no mutation found in TKD of FLT3. ITD and Non-ITD types of mutation were unique in each case of Malaysian AML. For further study, a larger Malaysian AML population is needed in order to analyse the pattern of FLT3 mutation as well as determination of prognostic impact of FLT3-ITD in Malaysian AML population. 
